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ABSTRACT
We obtained Keck/OSIRIS near-IR adaptive optics (AO)-assisted integral-field spectroscopy to
probe the morphology and kinematics of the ionized gas in four velocity-offset active galactic nu-
clei (AGNs) from the Sloan Digital Sky Survey. These objects possess optical emission lines that
are offset in velocity from systemic as measured from stellar absorption features. At a resolution of
∼ 0.18′′, OSIRIS allows us to distinguish which velocity offset emission lines are produced by the
motion of an AGN in a dual supermassive black hole system, and which are produced by outflows or
other kinematic structures. In three galaxies, J1018+2941, J1055+1520 and J1346+5228, the spectral
offset of the emission lines is caused by AGN-driven outflows. In the remaining galaxy, J1117+6140, a
counterrotating nuclear disk is observed that contains the peak of Paα emission 0.2′′ from the center
of the galaxy. The most plausible explanation for the origin of this spatially and kinematically offset
peak is that it is a region of enhanced Paα emission located at the intersection zone between the
nuclear disk and the bar of the galaxy. In all four objects, the peak of ionized gas emission is not
spatially coincident with the center of the galaxy as traced by the peak of the near-IR continuum
emission. The peaks of ionized gas emission are spatially offset from the galaxy centers by 0.1′′− 0.4′′
(0.1−0.7 kpc). We find that the velocity offset originates at the location of this peak of emission, and
the value of the offset can be directly measured in the velocity maps. The emission-line ratios of these
four velocity-offset AGNs can be reproduced only with a mixture of shocks and AGN photoionization.
Shocks provide a natural explanation for the origin of the spatially and spectrally offset peaks of
ionized gas emission in these galaxies.
Subject headings: galaxies: active — galaxis: evolution — galaxies: nuclei — galaxies: interactions —
galaxies: kinematics and dynamics — line: profiles
1. INTRODUCTION
Galaxy mergers are a key component of galaxy evolu-
tion. When two galaxies collide, great amounts of gas
can lose angular momentum and flow towards the center
of the system. Mergers are believed to be responsible
for triggering galaxy-wide starbursts, active galactic nu-
clei (AGN), and the creation of elliptical galaxies (e.g.,
Toomre 1977, Sanders et al. 1988, Genzel et al. 1998, Jo-
gee 2004, Springel et al. 2005, Hopkins et al. 2006). As
such, galaxy mergers have been the focus of much effort
to understand the coordinated growth of supermassive
black holes (SMBHs) and galaxies.
Because the majority of massive galaxies harbor cen-
tral SMBHs (e.g., Kormendy & Richstone 1995, Rich-
stone et al 1998), galaxy mergers lead to the formation
of SMBH pairs, and eventually, SMBH mergers and grav-
itational wave emission. This process can be divided
into three distinct phases distinguished by the separa-
tion between the two SMBHs. During the early stages
of a merger (at separations between 10 to several hun-
dreds of kpc) the SMBHs reside at the centers of the
progenitor galaxies. At separations between a few tens
of parsecs (defined by the SMBH radius of influence) and
1 Based on observations at the W. M. Keck Observatory, which is
operated as a scientific partnership among the California Institute
of Technology, the University of California and the National Aero-
nautics and Space Administration. The Observatory was made
possible by the generous financial support of the W. M. Keck Foun-
dation.
10 kpc, the SMBHs begin to spiral in toward the center
of the merger system via dynamical friction (Begelman et
al. 1980). At this stage they are best described as dual
SMBHs, since their motion is governed by the galactic
potential rather than their mutual gravity. When the
two SMBHs become gravitationally bound to each other
in a binary orbit, they form a SMBH binary system that
eventually leads to the SMBH coalescence (Quinlan 1996,
Jaffe & Backer 2003).
Although hierarchical galaxy formation predicts that
dual SMBHs should be common, only a few are known.
Many SMBHs are not active and therefore it is difficult
to observe them directly using electromagnetic radiation.
However, since gas-rich galaxy mergers trigger accretion-
powered nuclear activity, and the AGN fraction increases
as the SMBH separation decreases from ∼ 80 kpc to ∼ 1
kpc (Ellison et al. 2011, Koss et al. 2012), some dual
SMBHs should be active. When one or both SMBHs
power AGNs, the systems are known as offset AGNs and
dual AGNs, respectively2.
During the past few years, dual AGN candidates have
been identified spectroscopically as galaxies with double-
2 The term offset AGN refers to a single AGN in an on-going
merger with nuclear separations less than 10 kpc. The majority of
these AGNs are spatially offset from the dynamical center of the
system (the only exceptions might be mergers between galaxies
with fairly unequal masses or minor mergers). Note that the dis-
covery of an offset AGN does not necessarily imply the presence of
dual SMBHs, particularly in minor mergers, where the secondary
nucleus might not contain a SMBH.
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peaked narrow AGN emission lines (Comerford et al.
2009, Wang et al. 2009, Liu et al. 2010, Smith et al.
2010, Ge et al. 2012, Barrows et al. 2013, Comerford et
al. 2013, Shi et al. 2014), and confirmations have been
produced through follow-up observations at either radio
or X-ray wavelengths (Komossa et al. 2003, Fu et al.
2011a, Koss et al. 2011, 2012, Mazzarella et al. 2012,
Liu et al. 2013, Comerford et al. 2015, Mu¨ller-Sa´nchez
et al. 2015). However, these double peaks can also be
produced by AGN-driven outflows and/or a rotating nar-
row line region (NLR; e.g., Heckman et al. 1981, Cren-
shaw et al. 2010). In fact, recent spectroscopic studies
have found that most double-peaked AGNs are indeed
produced by NLR kinematics (Shen et al. 2011, Fu et
al. 2011b, Comerford et al. 2012, Mu¨ller-Sa´nchez et al.
2015).
Following a similar line of reasoning, Comerford &
Greene (2014) proposed that offset AGN candidates are
identified spectroscopically as galaxies with narrow AGN
emission lines that have a velocity offset from systemic
(measured from the stellar absorption features). These
are known as velocity-offset AGNs3. In this scenario, the
velocity offset is caused by a pair of SMBHs, consisting
of an inactive SMBH and an active SMBH, which are dis-
placed from the dynamical center of the host galaxy and
inspiralling (Milosavljevic´ & Merritt 2001). Comerford
& Greene (2014) identified 351 offset AGN candidates in
the Sloan Digital Sky Survey (SDSS). However, as is the
case for double-peaked narrow emission lines, the veloc-
ity offset can also be caused by gas kinematics such as
outflows, inflows and a combination of disk rotation plus
dust extinction (Crenshaw et al. 2010, Bae et al. 2014).
Offset AGNs have so far received little attention de-
spite their potential for yielding many more dual SMBH
discoveries. This is largely due to the observational diffi-
culty of detecting and resolving two galactic nuclei with
separations < 10 kpc. To date, there exists only one
confirmed offset AGN in the galaxy NGC 3341 (Barth et
al. 2008, Bianchi et al. 2013). Besides being spatially
offset from the center of the galaxy by ∼ 5.2 kpc, this
Seyfert 2 nucleus also exhibit a velocity offset of 200 km
s−1 from the systemic velocity. Two notable offset AGN
candidates are Arp 220 (which probably hosts an AGN
in the western nucleus; Engel et al. 2011, Teng et al.
2015), and Mrk 273 (which is either an offset AGN or a
dual AGN; U et al. 2013). More recently, Allen et al.
(2015) observed two velocity-offset AGNs identified by
Comerford & Greene (2014) as part of the Sydney-AAO
Multi-object Integral field spectrograph (SAMI) Galaxy
Survey. In both cases, their integral-field data did not
provide evidence for the existence of an offset AGN. In
the first galaxy, the authors concluded that the velocity
offset is caused by a recent merger or gas accretion event
(inflow), and in the second galaxy, an AGN-driven out-
flow produces the observed velocity offset. Although the
SAMI data provide useful information regarding the na-
ture of velocity-offset AGNs, the pixel size of the instru-
ment (0.5′′) is not ideally matched for the study of these
galaxies, since the relevant scales are within an aperture
of 3′′ diameter (the size of the SDSS fiber).
3 This is a spectroscopic classification, similar to the term
double-peaked AGNs. As such, they might or might not be off-
set AGN.
In this work we use Keck Laser Guide Star Adaptive
Optics (LGS-AO) with OH-Suppressing Infra-Red Imag-
ing Spectrograph (OSIRIS) integral-field spectroscopy to
further clarify the nature of AGNs with velocity offset
emission lines. The 0.1′′ pixels of OSIRIS allow us to
study in detail the spatial distribution and kinematics
of the ionized gas, and distinguish which velocity off-
set emission lines are produced by the motion of an off-
set AGN, and which are produced by outflows or other
kinematic structures. If the emission is produced by an
offset AGN, the integral-field observations should show
spatially offset compact emission in the flux maps of ion-
ized gas with one consistent line-of-sight (LOS) velocity,
where the velocity is equal to the velocity offset measured
in the SDSS spectrum. This spatially and kinematically
offset compact source of ionized gas should be surrounded
by rotating gas that is settled in the gravitational poten-
tial of the galaxy. If the emission is produced by an AGN
outflow, the integral-field observations should reveal a
central AGN with spatially extended emission (and pos-
sibly secondary peaks of emission from the clouds in the
NLR) with a wide range of blueshifted and redshifted ve-
locities oriented along a direction opposite to the sense
of rotation. Other typical signatures of outflows include
broadened and/or asymmetric emission lines, very high
LOS-velocities, and shock heating. The presence of some
or all of these features would indicate an outflow rather
than a dual SMBH origin for the observed velocity off-
set (see Section 3.2.1). Other potential causes of the
kinematic offset would result in different spatially re-
solved signatures; some specific cases are described in
Section 3.2.
This paper is organized as follows: In Section 2 we de-
scribe the sample characteristics, observations, and the
methods used for the data reduction and analysis. The
general properties of the NLRs are described in Section
3. In this Section we also discuss the origin of the veloc-
ity offset AGN emission lines in each galaxy. Given that
outflows are very common among velocity-offset AGN,
in Section 4.1 we analyze in detail the galaxies contain-
ing AGN outflows and perform kinematic modeling. In
addition, in order to explain the origin of the spatially
offset peaks of emission in our flux maps, the possible
contribution of shock-heating to photoionization is stud-
ied in Section 4.2. Finally, the overall conclusions of the
study are outlined in Section 5.
Throughout this paper, we use a flat ΛCDM cosmology
with Ωm = 0.27, ΩΛ = 0.73, andH0 = 70 km s
−1 Mpc−1.
2. SAMPLE, OBSERVATIONS AND DATA
PROCESSING
2.1. Sample Selection
The primary goal of this exploratory work is to iden-
tify bona fide offset AGNs among velocity-offset AGNs
in the SDSS database (Comerford & Greene 2014). Ideal
offset AGN candidates have Seyfert-like optical spectra
with narrow emission lines that exhibit a statistically
significant (> 3σ) LOS velocity offset relative to the
host galaxy stellar absorption lines. They also have the
velocity offsets of all their emission lines consistent to
within 1σ, which is expected for offset AGN but not
for the stratified velocity structure of outflowing AGN
(e.g., Zamanov et al. 2002; Komossa et al. 2008),
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TABLE 1
List of Velocity-Offset AGN Observed with OSIRIS.
SDSS Source R.A. (J2000) Dec. (J2000) z kpc / ′′ PAobsa tintb Filter Line Detected
J101847 + 294114 10 18 47.57 +29 41 14.10 0.082 1.8 100 30 Kn1 Paα
J105553 + 152027 10 55 53.64 +15 20 27.40 0.092 1.9 75 30 Kn2 Paα
J111519 + 542316 11 15 19.98 +54 23 16.70 0.070 1.5 180 30 Kn1 –
J111729 + 614015 11 17 29.21 +61 40 15.30 0.112 2.4 64 30 Kn2 Paα
J134640 + 522836 13 46 40.79 +52 28 36.60 0.029 0.5 140 30 Jn3 [Fe II]
J151858 + 204855 15 18 58.17 +20 48 55.30 0.042 0.8 144 30 Jn4 –
Note. — aPosition angle of OSIRIS observations, in degrees east of north.
bTotal integration time on source in minutes.
and show symmetric emission lines (multi-components
or blueshifted/redshifted wings are characteristic of out-
flows, Crenshaw et al. 2010). Using these criteria, Com-
erford & Greene (2014) identified 351 offset Type 2 AGN
candidates.
We make additional cuts to select the targets most
suitable for LGS-AO observations with OSIRIS. We se-
lect objects with large velocity offsets (|∆v| > 50 km
s−1) to select against miscentered fibers where rotating
gas could produce a slight redshifted or blueshifted offset
in the emission lines. In addition, to optimize the use of
OSIRIS and obtain good S/N spectra, we select targets
that are bright (r < 16), have luminous AGN emission
(L[OIII] > 10
8 L), and are at low redshift (z < 0.12).
The low redshifts enable measurements of the smallest
physical offsets of the AGN from the host galaxy center
(offsets < 0.5 kpc for our redshift range). These selec-
tion criteria yielded six offset AGN candidates in SDSS,
which could be observed in one Keck night (Section 2.2
and Table 1).
2.2. Observations and Data Reduction
The six galaxies studied in this paper were observed
on UT 2013 April 3 with LGS-AO and the integral-
field spectrograph OSIRIS, commissioned at the W. M.
Keck Observatory. OSIRIS delivers spectra simultane-
ously over a contiguous two-dimensional (2D) field-of-
view (FOV) in the wavelength range from 1.1 to 2.45 µm
at a resolving power of 1500− 4000 (Larkin et al. 2006,
van Dam et al. 2006, Wizinowich et al. 2006). In all
cases we used the galaxy nucleus as the tip-tilt star, and
the 0.1′′ pixel scale. This lenslet scale guarantees that
our observations cover the entire area of an SDSS fiber
(3′′) for all the narrow filters of the instrument. We used
Pa-α 1.87µm or Paβ 1.26µm to trace the spatial distri-
bution and kinematics of the ionized gas in the sample
galaxies (preferably Paα, since it is the strongest recom-
bination line of hydrogen in the near-IR). Given the red-
shift range of our targets, we used four different filters
during that night. The average spectral resolution of our
data is R ∼ 3000. A summary of the data, including the
specific exposure times and filters used for each galaxy,
is given in Table 1.
The OSIRIS data were reduced using the OSIRIS data
reduction pipeline (DRP), which performs all the usual
steps needed to reduce near-IR spectra, but with addi-
tional routines for constructing the data cube. The re-
duction steps include bias and background subtraction,
channel levels adjustments, crosstalk removing, glitch
identification, cosmic ray cleaning, correction for non-
linearity, alignment and interpolation of the data, ex-
traction of the spectra, wavelength calibration, sky sub-
traction, and co-addition of different exposures. Telluric
correction and flux calibration were performed using a
standard star (A- or B-type) observed near in time and
close in airmass to the observations of the SDSS galax-
ies. We reduced the standard stars in the same way as
the science frames. For each telluric star we extracted
a one-dimensional spectrum, and divided this spectrum
by a black body function with the same temperature as
the star. Since the magnitude of the star is known, this
yields a correction curve that can be applied to all fur-
ther observed spectra for calibrating their fluxes. The
uncertainties in the flux calibration are usually domi-
nated by systematic errors in the observations, such as
imperfect centering of the objects in the FOV and seeing
variations (Erb et al. 2005). The errors caused by these
effects can be estimated by comparing the fluxes received
in each of the individual exposures that were co-added
to produce the final data cube. We find that flux levels
between exposures vary by about ∼ 20%. We can per-
form a further check by comparing the photometric flux
from 2MASS images with the continuum flux in 3′′ − 5′′
apertures. Agreement between the different data sources
was consistent to 15− 20%.
As can be seen in the final column of Table 1, in four
galaxies the ionized gas emission is detected at or above
the desired S/N ratio (20). In the other two galaxies, the
detection of the emission lines has been challenging due
to the following reasons: in one case (J1115 + 5423), the
emission line lies exactly at the bottom of the strongest
telluric absorption in K-band, and in the other case
(J1518 + 2048), the data were taken under suboptimal
observing conditions in the last hour of the night (bad
seeing, clouds, technical problems with the LGS system)
so one of the frames has no data, and the remaining 20
minutes on-source do not have the required S/N to de-
tect emission lines (Table 1). It is important to point
out that in J1346 + 5228 Paβ emission was not detected,
but fortunately we could study the properties of the ion-
ized gas using the [Fe II] line at rest wavelength 1.21 µm,
which was redshifted to the wavelength range of the Jn3
filter of OSIRIS. As a result, our subsequent analyses fo-
cus on the four galaxies for which the desired S/N was
achieved (Table 2).
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Fig. 1.— Example Paα line profiles extracted from the central regions of J1018+2941 (left) and J1055+1520 (right), chosen to represent
the main types of profile shapes observed in the sample galaxies. The spectra have been extracted from apertures of 0.3′′ diameter. The
data are shown by a solid black line, individual Gaussian fits by blue lines and the continuum level fit in red.
TABLE 2
Summary of results.
SDSS name PAgas
a PAcont
b PAgal
c ∆vSDSS
d ∆vKeck
e vmax
f σmean σmax Kinematic Origin of
(◦E of N) (◦E of N) (◦E of N) km s−1 km s−1 km s−1 km s−1 km s−1 components the offset
J1018 + 2941 8± 10 90± 9 99± 7 −51± 14.5 −55± 12 220± 8 140± 15 280± 10 Outflow (D)g Outflow
rotation
J1055 + 1520 135± 11 75± 7 75± 6 −113± 14.7 −120± 15 310± 10 150± 17 340± 13 Outflow (D) Outflow
J1117 + 6140 105± 10 110± 8 54± 8 85± 16.6 77± 13 180± 7 130± 10 230± 10 large-scale disk Inflow
nuclear disk
J1346 + 5228 175± 9 140± 7 140± 6 −52± 14.6 −60± 12 580± 11 160± 14 300± 14 Outflow (D) Outflow
Note. — aPosition angle of the extended ionized gas emission.
bPosition angle of the near-IR continuum.
cPosition angle of the photometric major axis of the galaxy, from SDSS.
dVelocity offset of the optical emission lines measured in SDSS spectra (measured from the Balmer lines).
eVelocity offset of the Paα emission line ([Fe II] in J1346 + 5228) measured in our OSIRIS spectra.
fMaximum radial velocity measured in the OSIRIS spectra.
gThe letter D indicates the dominant kinematic component, except in J1117 + 6140, where the two kinematic components are dominant at
different scales. See Section 4 for details.
2.3. Extraction of the Emission-line Gas Properties
We derived 2D kinematic and flux distribution maps
for each galaxy using the IDL code LINEFIT. This
method, described in Davies et al. (2007a), fits the emis-
sion lines by convolving a Gaussian with a spectrally un-
resolved template profile (derived from telluric OH emis-
sion) to the continuum-subtracted emission-line profile
at each spatial pixel in the data cube. The continuum is
estimated using a polynomial function fitted to the line-
free regions adjacent to the emission line. The continuum
and line intervals must be set as input when executing
the program. To allow for the best possible extraction
of the line properties, the width of the fitting window is
introduced manually after visual inspection of the line
profile with the visualization tool QFitsView4. The fit-
ting window should cover the complete spectral range of
the line and enough range of continuum bluewards and
redwards of the line. We estimate that the uncertainty
in the continuum subtraction is on the order of 5%. This
method allowed us to obtain uncertainties for the kine-
matic maps in the range of (5-20) km s−1. The dispersion
extracted by this fitting procedure is already corrected
for instrumental broadening.
4 See http://www.mpe.mpg.de/∼ott/QFitsView/
Despite some asymmetries observed in the emission-
line profiles, we were successful in fitting a single Gaus-
sian component to the emission lines at each spaxel (Fig-
ure 1). The instrumental spectral profile is implicitly
taken into account by convolving the assumed emission-
line profile (the Gaussian) with a template line (trac-
ing the effective instrumental resolution). As a result,
small asymmetries in the emission-line profiles can be
well matched. For more details on the key features of
LINEFIT, see Davies et al. (2007a).
In addition, integrated intensity maps of Paα ([Fe II])
were constructed by summing up all spectral channels
containing line emission in each spatial pixel, and sub-
tracting from each the continuum level. These measure-
ments result in similar flux distributions as those ob-
tained with LINEFIT, confirming that the single Gaus-
sian fits result in good approximations for the fluxes.
Finally, we extracted an integrated spectrum in an
aperture of 3′′ diameter for each galaxy. We find that the
difference between the emission line velocities measured
in our data and the stellar absorption line velocities mea-
sured in Comerford & Greene (2014), ∆vKeck, are consis-
tent with the velocity offsets measured between the op-
tical emission lines and stellar absorption lines (∆vSDSS,
Table 2). However, some emission line asymmetries ap-
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Fig. 2.— Two-dimensional maps of the K-band continuum (top left) and Paα flux distribution (top right), velocity (bottom left), and
velocity dispersion (bottom right) for J1018 + 2941. The center of the galaxy (the peak of continuum emission at 1.9 µm) is located at
position (0,0). The contours delineate the K-band continuum emission in the top panels, and the ionized gas morphology in the bottom
panels. The continuum and flux maps are normalized to the peak of emission. The contours are set at 5, 10, 20, 30, 40, 50, 60, 70, 80 and
90% of the peak of emission. Regions in white in the bottom panels correspond to pixels where the line properties are uncertain and thus
were masked out. These rejected pixels in the velocity and dispersion maps are those with a flux density lower than 5% of the peak of Paα
emission. In addition, very high velocity values (outside the chosen velocity scale) are not displayed in the image (white regions inside the
contours). In all maps North is up and East is to the left.
pear when adding the spectra in the 3′′ aperture, which
are not present in the individual OSIRIS spectra and in
the SDSS spectra of the sample galaxies. This will be
further discussed in Section 4.3.
3. RESULTS
3.1. Morphology and Kinematics of the Ionized Gas
Figures 2− 5 show the Paα flux, velocity, and disper-
sion maps for the full galaxy sample, and an image of the
K−band continuum (obtained directly from our Gaus-
sian fits with LINEFIT). Note that in J1346 + 5228 the
maps correspond to [Fe II] emission and J−band con-
tinuum. In the top panels, the contours delineate the
near-IR continuum emission and the center of the galaxy,
defined as the peak of continuum emission, is located at
position (0,0). In the bottom panels, the contours delin-
eate the morphology of the ionized gas and the regions
in white correspond to pixels where the line properties
are uncertain and thus were masked out. These rejected
pixels in the velocity and dispersion maps are those with
a flux density lower than 5% of the peak of Paα ([Fe II])
emission. In addition, very high velocity values (outside
the chosen velocity scale) are not displayed in the image
(white regions inside the contours).
Despite the diversity of the observed morphologies of
the four galaxies, in each case most of the ionized gas
emission consists of a bright peak of emission that is not
located at the center of the galaxy and extended emission
out to a few kpc. The emission in all cases is diffuse or
filamentary, and in some cases it further breaks down
into compact knots or blobs (J1055 + 1520 and J1346 +
5228) such as those found in the NLRs of Seyfert galaxies
(Schmitt et al. 2003, Mu¨ller-Sa´nchez et al. 2011).
We measured the extent of the photometric major axis
of the ionized gas as well as its position angle (PAgas,
Table 2). These measurements were done directly on
the images, using as reference the contours correspond-
ing to 5% of the peak of Paα ([Fe II]) emission. Using
the same method, we also measured the photometric po-
sition angle of the near-IR continuum (PAcont, Table 2).
A comparison of the measured PAgas and PAcont with
measurements of the photometric position angle of the
galaxy from SDSS images (PAgal) is presented in Table
2. In almost all cases, PAcont is approximately equal to
PAgal (except in J1117 + 6140), and in three cases PAgas
is different from PAcont (J1018 + 2941, J1055 + 1520,
J1346 + 5228), indicating that in these galaxies the gas
is probably not located in the galaxy disk.
As can be seen in the velocity maps of Figures 2 − 5,
there is a great deal of diversity in the kinematics of
the ionized gas at these scales in the sample galaxies.
No clear rotational pattern can be identified. The ve-
locity maps of the four galaxies present redshifted and
blueshifted velocities in the same direction as PAgas, and
since in these galaxies PAgas is different from PAgal (Ta-
ble 2), the direction of motion (radial velocity changing
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from blueshift to redshift) does not seem to follow or-
dered rotation in a disk. This is further discussed in
Section 3.2.
The velocity dispersion maps, or σ-maps, show a wide
range of values ranging from 30 km s−1 to ∼ 350 km s−1.
Interestingly, in each galaxy, there exist regions where
the velocity dispersion clearly increases. This is further
discussed in Section 3.2. Table 2 lists the mean and the
highest σ measured for each of the galaxies.
3.2. Identifying the Sources of Velocity Offset
Emission Lines
In this Section, we discuss the scenarios that may give
rise to the velocity offset emission lines in our sample. In
the absence of kinematic data of the stars or the molec-
ular gas for our galaxies, we assume in all cases that the
orientation of the kinematic major axis of the galaxy disk
is consistent with the position angle of the photometric
major axis (PAgal). The results of the analysis are sum-
marized in Table 2.
3.2.1. Velocity Offset Caused by AGN-driven Outflows
The spatial distribution and kinematics of the ionized
gas in J1018+2941, J1055+1520 and J1346+5228 indi-
cate the presence of outflows. Following Mu¨ller-Sa´nchez
et al. (2011), Fischer et al. (2013) and Harrison et al.
(2014) among others, single-Gaussian components with
LOS-velocities greater than 500 km s−1 (detected in the
continuum-subtracted maps with a significance of at least
3σ) are direct evidence of outflows. Indeed, these veloc-
ities are too high to be explained by any sort of rea-
sonable gravitational potential (including contributions
from the SMBH, nuclear stellar cluster, and bulge; see
also Rubin et al. 1985 and Das et al. 2007). In the
absence of such strongly blueshifted or redshifted com-
ponents, the adopted criterion for claiming the detection
of an AGN-driven outflow is that at least three of the
following conditions must be satisfied:
• The spatial distribution of the ionized gas is ex-
tended in a different direction from the continuum
emission (PAgas 6=PAcont).
• The velocity gradients of the gas (blueshifts and
redshifts) are observed along a direction not coin-
cident with the kinematic major axis of rotation
as traced by PAgal. In other words, the ionized gas
motions are extra-planar. A misalignment between
the kinematical line of nodes and PAgal should be
observed (larger than the typical error in PAgal of
∼ 10◦, Table 2).
• The presence of broad emission line profiles
(broader than forbidden lines from the NLR, typ-
ically ∼ 500 km s−1 FWHM; Osterbrock & Pogge
1987, Taylor et al. 2003) in the individual spaxels
of the data cube.
• The velocity dispersion increases along the direc-
tion of the blueshifts and redshifts (PAgas).
• The velocity maps show evidence of radial acceler-
ation to a projected distance, followed by deceler-
ation to the systemic velocity.
As can be seen in Table 2 and Figures 2, 3 and 5,
J1055 + 1520 fulfills criteria 1 − 3, J1018 + 2941 fulfills
criteria 1−4, and J1346+5228 fulfills all five criteria5, in-
dicating that in these three galaxies, the dominant kine-
matic component is radial outflow. A rotational compo-
nent might be present in J1018 + 2941 and J1346 + 5228
as indicated by the kinematic minor axis (or zero veloc-
ity axis), which is nearly perpendicular to PAgal in the
central pixels, but the bulk of the gas is not rotating. A
rotational component is not observed in J1055 + 1520.
Additional evidence for outflows comes from the detec-
tion of asymmetric emission lines in the integrated spec-
tra of these galaxies (Crenshaw et al. 2010, Section 4.3).
3.2.2. J1117 + 6140: Velocity Offset Caused by Inflow into
the Nuclear Region
Two kinematic components are observed in J1117 +
6140 at different scales (Figure 4): a disturbed rotational
pattern is detected at larger scales, and in the central
kpc, a counterrotating nuclear disk. An HST image of
this galaxy (GO 13513, PI: Comerford, Figure 6) reveals
a bar extending along a position angle of ∼ 110◦, which
is consistent with PAgas and PAcont, but is offset by ∼
40◦ from PAgal (Table 2). This indicates that the bar is
perturbing the kinematics of the large scale disk and is
probably transporting gas to the nuclear region, creating
a counter-rotating nuclear disk (PA∼ 85◦). Steady-state
circumnuclear inflow driven by a bar has been observed
in local Seyfert galaxies (e.g., Fathi et al. 2005, Davies et
al. 2014, Schnorr-Mu¨ller et al. 2016), and the formation
of nuclear counter-rotating disks in spiral galaxies has
been investigated in detail by Thakar & Ryden (1996).
The peak of Paα emission is located in the redshifted
part of the nuclear disk at 0.2′′ West from the center
of the galaxy. The velocity offset of the emission lines in
the SDSS spectrum originates at this position. The most
plausible explanation for the nature of this peak is that
it is a region of enhanced Paα emission located at the
intersection zone between the nuclear disk and the bar
of the galaxy. Additional evidence for this interpretation
comes from the presence of shocks in this region (Section
4.2).
While the evidence for the bar in HST images of
J1117 + 6140 is strong, the velocity map of Paα does not
show clear kinematic evidence of the bar. This might
appear in the velocity residuals after subtracting the two
counter-rotating disks. To further investigate the inflow
along the bar that settles in the nuclear disk, we model
the Paα kinematics as two rotating disks with kinemetry
(Krajnovic´ et al 2005). Briefly, kinemetry is an extension
of surface photometry to the higher order moments of the
velocity distribution. The procedure operates by first
describing the data by a series of concentric ellipses (or
rings) of increasing major axis length, as defined by the
system center, position angle, and inclination. At each
radius, a small number of harmonic terms in a Fourier ex-
pansion is needed to determine the best fitting ellipse. If
the motion is purely circular, the observed velocity along
that ellipse is described by only one coefficient equivalent
to the cosine law (Schoenmakers et al. 1997).
For J1117 + 6140, the kinematic center is assumed to
5 Furthermore, this is the only galaxy in which spectral compo-
nents with LOS-velocities > 500 km s−1 are observed).
The Nature of Offset AGN 7
Fig. 3.— Same as Figure 1 but for J1055 + 1520.
Fig. 4.— Same as Figure 1 but for J1117 + 6140.
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be coincident with the nucleus defined as the peak in
the continuum emission. The velocity map is fit allowing
the position angle (PA) and inclination angle (q =cosi)
to vary. Subtraction of the rotational component to the
data reveals the non-circular motions and these are in-
vestigated further for evidence of gas flow in a bar. The
results can be seen in Figure 7. Kinemetry confirms the
presence of two rotating disks at different scales. The PA
of the concentric rings changes from ∼ 90◦ in the central
0.7′′ to ∼ −145◦ at a radius > 1.2′′. These two PAs are
consistent with the photometric PA of the nuclear disk
and PAgal, respectively. Furthermore, there is a region
between 0.8′′−1.2′′ where the PA of the concentric rings
changes from 90◦ to ∼ 125◦. This is a transition region
between the two disks and is probably influenced by the
bar (PA∼ 110◦). Interestingly, the two disks have the
same inclination, as indicated by the approximately con-
stant q values which are in the range 0.4′′ − 0.6′′ at all
radii (i = 55◦ for a mean q = 0.57, ignoring the first
two pixels, i.e., r < 0.2′′). Therefore, the two disks are
coplanar and is consistent with inflow driven by a large
scale bar (which must be in the same plane as the two
disks). The velocity residuals show two main compo-
nents, blueshifted velocities along the bar and redshifted
velocities almost perpendicular to the bar, both with ve-
locities ∼ 80 km s−1. Most of the two components might
be interpreted in terms of x1 and x2 orbits. x1 orbits are
parallel to the large-scale bar (building up the straight
gas lanes), and x2 orbits are perpendicular to the bar
(Contopoulos & Grosbol 1989, Athanassoula 1992, van
der Laan et al. 2011). Thus the observed velocity field
indicates inflow in the bar that settles in the nuclear disk.
4. DISCUSSION
4.1. Outflow Properties
Since three out of four velocity-offset AGN in our sam-
ple exhibit AGN-driven outflows of ionized gas, we in-
vestigate in this section the properties of these outflows
and their impact on the evolution of their host galaxies.
Throughout our analysis we are interpreting our obser-
vations in the context of kinematic models of the NLR.
Specifically, we are comparing our 2D kinematic data
with 3D models of biconical outflows (Mu¨ller-Sa´nchez et
al. 2011). A simple biconical geometry has been adopted
to match the shape of the NLR as suggested by popular
unification models of AGN (e.g., Antonucci 1993, Urry &
Padovani 1995). The bicone model consists of two sym-
metrical hollow cones having interior and exterior walls
with apices coincident with a central point source. Mate-
rial flows inside the walls of the bicone, i.e. each point of
the bicone corresponds to a velocity vector. The simplest
velocity law which reproduces the observations is radial
linear acceleration followed by radial linear deceleration.
To match the amplitudes of the measured blueshifted and
redshifted velocities, the bicone can be tilted and rotated
in 3D, and then projected in the plane of the sky. Thus,
the velocity value of each element of the projected bicone
corresponds to the average of the components of the ve-
locity vectors in the direction of the LOS, as would be
measured by the observer. The bicone model has seven
free parameters: inner and outer half-opening angles (θin
and θout), position angle and inclination of the bicone’s
major axis (PAcone and icone), height of each cone (zmax),
turnover radius at which the deceleration phase starts
(rt) and maximum velocity (vmax). Additional details
of the modeling can be found in Mu¨ller-Sa´nchez et al.
(2011).
The results of the kinematic modeling are shown in
Figures 8, 9 and 10 for J1018 + 2941, J1055 + 1520 and
J1346 + 5228, respectively. As can be seen in these Fig-
ures, our kinematic models of biconical outflows provide
a good match to the observed velocity fields of the NLR.
No obvious regular patterns are noticeable in the resid-
uals maps, suggesting that the features observed in the
residuals are dominated by noisy pixels in the data or
other unresolved kinematic substructure. Furthermore,
the residuals show mostly values between −20 to 20 km
s−1, consistent with the measured errors of the velocity
maps. The results of applying this method to the three
galaxies with outflows are summarized in Table 3. The
biconical structures have full opening angles (2θout) in
the range 70 − 110◦. The typical distance at which the
outflows reach vmax is rt = 1.4 kpc (with values rang-
ing from 0.8 − 2.1 kpc). The inclination of the bicone
axis in the three cases is < 30◦ (nearly perpendicular
to the LOS), suggesting that the equatorial plane of the
central engine and the torus are viewed nearly edge-on.
This is consistent with unification models, which predict
a large inclination of the torus in Type 2 AGN (see e.g.,
Antonucci 1993, Davies et al. 2007b).
From the measured geometrical parameters and veloc-
ities we estimate mass outflow rates (M˙out) and kinetic
power of the outflows (E˙out) using the method described
in Mu¨ller-Sa´nchez et al (2011) and assuming a gas den-
sity Ne = 100 cm
−3 at a typical turnover radius of 1 kpc
(Bennert et al. 2006, Riffel et al. 2009, Schnorr-Mu¨ller
et al. 2016). The filling factor f is inversely proportional
to Ne and can be directly obtained from the Paα lumi-
nosity as described in Riffel & Storchi-Bergmann (2011)
(see also Osterbrock & Ferland 2006). We found f val-
ues of 0.02 and 0.04 for J1018 + 2941 and J1055 + 1520,
respectively, and adopted a typical value of f = 0.03 for
J1346 + 5228 (note that this is the galaxy where we only
detected [Fe II] emission). The resulting mass outflow
rates are in the range 72−630 M yr−1 and the estimated
kinetic powers between 2− 19× 1042 erg s−1. These are
∼ 102 times smaller than the AGN’s bolometric luminosi-
ties, but they are of the order of the power required by
feedback models to explain fundamental galaxy proper-
ties (∼ 0.005− 0.05Lbol; di Matteo et al. 2005, Hopkins
& Elvis 2010). This means that these three velocity-
offset AGNs have outflows that likely have significant
effects on the evolution of the host galaxy.
Interestingly, the mass outflow rates measured in these
velocity-offset AGNs are approximately an order of mag-
nitude larger than those measured in local Seyfert galax-
ies (Mu¨ller-Sa´nchez et al. 2011, Storchi-Bergmann et al.
2010). This is mainly due to the fact that rt (the distance
from the nucleus at which the outflows reach maximum
velocity) is larger in these objects than in Seyfert galax-
ies. We measure rt values in the range 1 − 3 kpc. In
contrast, for local Seyfert galaxies, several authors (e.g.,
Crenshaw et al. 2010, Mu¨ller-Sa´nchez et al. 2011, Fis-
cher at el. 2013) find turnover radii of a few hundred
parsecs. The other geometrical parameters of the out-
flows and vmax are similar for these velocity-offset AGNs
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Fig. 5.— Two-dimensional maps of the J-band continuum (top left) and [Fe II] flux distribution (top right), velocity (bottom left), and
velocity dispersion (bottom right) for J1346 + 5228. The contours delineate the J-band continuum emission in the top panels, and the
ionized gas morphology in the bottom panels. The center of the galaxy (the peak of continuum emission at 1.2 µm) is located at position
(0,0). The continuum and flux maps are normalized to the peak of emission. The contours are set at 5, 10, 20, 30, 40, 50, 60, 70, 80 and
90% of the peak of emission. Regions in white in the bottom panels correspond to pixels where the line properties are uncertain and thus
were masked out. These rejected pixels in the velocity and dispersion maps are those with a flux density lower than 5% of the peak of [Fe
II] emission. In addition, very high velocity values (outside the chosen velocity scale) are not displayed in the image (white regions inside
the contours). In all maps North is up and East is to the left.
Fig. 6.— HST F160W image of J1117 + 6140. Note the large
scale disk with a photometric PA of ∼ 54◦, the bar extended along
a PA of ∼ 110◦ and the nuclear disk (PA∼ 85◦).
and Seyfert galaxies. There are two main differences in
the velocity-offset AGNs from SDSS studied here when
compared to local Seyfert galaxies: they are at slightly
higher redshifts (0.029 < z < 0.112), and have slightly
higher bolometric luminosities (1043.5 < Lbol < 10
45 erg
s−1)6. This indicates that more luminous AGNs produce
larger outflows and is consistent with the relationship
found between AGN bolometric luminosity and the size
6 In contrast, most local Seyfert galaxies are located at redshifts
z < 0.025 and have bolometric luminosities between 1042 and 1044
erg s−1 (Schmitt et al. 2003, Hainline et al. 2013).
of the NLR (see e.g., Bennert et al. 2006, Hainline et al.
2013, Mu¨ller-Sa´nchez et al. 2015). However, although
these velocity-offset AGNs possess larger, and thus more
powerful outflows than Seyfert galaxies, the net effect of
the outflows in the host galaxies (in terms of feedback)
appears to be the same in both type of objects. This
is due to the fact that the ratio E˙out/Lbol is the same
for low luminosity (Seyfert galaxies) and moderate lu-
minosity (the velocity-offset AGNs from SDSS studied
here) AGN (between 0.005 and 0.05, Mu¨ller-Sa´nchez et
al. 2011).
When comparing the outflows identified in this work
with the outflows present in other SDSS galaxies at simi-
lar redshifts and luminosities (e.g., Harrison et al. 2014),
we find similar outflow sizes and energetics. Harrison et
al. (2014) measured outflows radii between 1.5 and 4.3
kpc and E˙out/Lbol ratios of 0.005 − 0.1. Note that the
galaxies studied by Harrison et al. (2014) do not exhibit
emission lines with significant velocity offsets as the ones
selected for this work, but most of them contain pow-
erful outflows. A larger sample of outflows measured in
velocity-offset AGNs would be needed to explore any dif-
ferences between the outflows found in these objects and
active galaxies having a near-to-zero-velocity offset.
4.2. Spatially Offset Peaks of Ionized Gas Emission:
The Role of Shocks
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Fig. 7.— Kinematic modeling of J1117 + 6140 with kinemetry. The maps are centered at the position of the K−band continuum. Top
left: Paα velocity field used for the modeling; Top middle: Best-fit kinematic model of two rotating disks; Top right: Residuals (data -
model) to the fit; Bottom left: Kinematic PA; Bottom right: Flattening q =cosi. Note the abrupt change in PA indicating the presence of
two rotating disks.
Fig. 8.— Maps showing the data and the best-fit kinematic model used to reproduce the Paα kinematics in J1018 + 2941. The maps
are centered at the position of the peak of K−band continuum, and the scales are in km s−1. Top Left: Paα velocity field used for the
modeling (same as the one shown in Figure 2). Top Middle: Best-fit kinematic model of a biconical outflow with flux contours. Top Right:
Residuals (data-model) to the fit. Bottom Left: Bicone projection in the plane of the sky. Bottom Right: Geometric model of the NLR
and the inner galactic disk.
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TABLE 3
Kinematic model of the NLR
Parameter J1018 + 2941 J1055 + 1520 J1346 + 5228
zmax (kpc) 3.1
+1
−0.9 5.3
+1.8
−1.3 2.2
+0.9
−0.6
rt
b (kpc) 1.2+0.07−0.06 2.1
+0.12
−0.13 0.8
+0.08
−0.07
θin (
◦) 18+11−7 27
+10
−7 30
+12
−10
θout (
◦) 35+5−9 48
+9
−8 54
+10
−9
icone (
◦) 22+8−6 18
+9
−7 15
+10
−7
PAcone (
◦) 10± 7 138± 6 120± 7
vmax
a (km s−1) 290±15 310±20 340± 23
M˙out (M yr−1) 72± 5 630± 45 85± 4
E˙out (10
42 erg s−1) 2.0± 0.3 19± 4 3.1± 0.4
E˙out/Lbol 0.01± 0.002 0.06± 0.015 0.01± 0.002
Note. — The quoted parameters correspond to the model pre-
senting the smallest
(
χ2
)
min
and the uncertainties refer to 3σ con-
fidence level. The derived values are also the best-fit parameters
for the NLR.
aFull module of the velocity vector, i.e. relative to the nucleus not
to the observer.
bRadial distance from the AGN to the location where vmax is ob-
served.
The four velocity-offset AGN studied here all exhibit
spatially offset peaks of ionized gas emission. In each
case, the velocity of this peak corresponds to the velocity
offset measured in the SDSS spectrum, and its value can
be clearly seen in the velocity map (Figures 2 to 5).
Spatially offset peaks of emission can be explained by
the presence of shocks7. Gas can be shocked at the inter-
face between two kinematically distinct gas clouds, en-
hancing the emission at this location. In J1018 + 2941,
J1055 + 1520 and J1346 + 5228, outflowing clouds drive
shocks into the surrounding material, with an environ-
mental impact that may be enough to produce peaks
of ionized gas emission at different locations along the
NLR (see e.g., Mazzalay et al. 2013, Meyer et al. 2015).
The projected spatial offsets are approximately 0.38′′
(∼ 0.7 kpc), 0.1′′ (∼ 0.2 kpc), and 0.27′′ (∼ 0.15 kpc)
in J1018 + 2941, J1055 + 1520 and J1346 + 5228, respec-
tively. In 1117 + 6140, the peak of Paα emission is offset
by ∼ 0.2′′ (∼ 0.5 kpc) and may be the product of cloud-
cloud collisions occurring at the interface between the
bar and the nuclear disk.
In order to explain the origin of the spatially offset
peaks of emission in our flux maps, the possible con-
tribution of shock-heating to photoionization must be
examined. The effects of shocks that leave a signature
on emission-line spectra can be summarized as follows
(Dopita & Sutherland 1996, Moy & Rocca-Volmerange
2002): (i) shocks compress the gas increasing its den-
sity and temperature (up to millions of K), (ii) this high
temperature gas emits both X rays and ultraviolet (UV)
light, which contribute to the ionization in front of the
shock and behind it, (iii) at the same time, compression
locally reduces the ionization parameter, and thus en-
hances the low ionization emission lines such as [O II],
[N II], [S II], and [O I], (iv) in the region between the X-
ray emitting zone and the low excitation zone, the tem-
7 We do not consider peaks caused by star-forming rings/nuclear
star clusters since the optical line ratios of the galaxies in our sam-
ple are consistent with AGN-dominated emission rather than star
formation (Comerford & Greene 2014).
perature decreases to 104− 105 K, boosting the emission
of UV and optical collisional excited lines. The [O III]
λ4363/[O III] λ5007 ratio can be significantly enhanced.
While the bulk of the [O III] λ4363 emission originates
in shocks, the [O III] λ5007 line is emitted mainly by
the photoionized component. Therefore, a large [O III]
λ4363/[O III] λ5007 ratio (> 0.01) indicates a significant
contribution from shocks.
We have analyzed the [O III] λ5007/Hβ vs. [O III]
λ4363/[O III] λ5007 emission-line ratios of our sam-
ple galaxies with the help of models combining AGN
photoionization and shocks (Moy & Rocca-Volmerange
2002). These models were computed using CLOUDY
(Ferland 1996) and MAPPINGSIII (Dopita & Suther-
land 1996). The emission-line ratios were obtained di-
rectly from the SDSS spectra, and therefore correspond
to integrated fluxes within a 3′′ circular aperture (the
diameter of the SDSS fiber). The results can be seen
in Figure 11. Interestingly, the data can be reproduced
only with a mixture of shocks and AGN photoioniza-
tion. All data points lie above log([O III] λ5007/Hβ) =
0.5, and have log([O III] λ4363/[O III] λ5007)> −2.05.
These high ratios can only be accounted for if both pho-
toionization and shocks contribute to the line fluxes (Moy
& Rocca-Volmerange 2002). The two galaxies with the
highest kinetic power (J1055+1520 and J1346+5228) ex-
hibit a larger contribution from shocks to the production
of the emission lines. In J1346 + 5228 this is consistent
with the fact that [Fe II] emission is often interpreted as
indicative of shock excitation (e.g., Moorwood & Oliva
1988). These results are in good agreement with the
hypothesis that the spatially offset features in velocity-
offset AGNs are shock-excited by outflows/inflows.
4.3. The Integrated Spectral Profiles of the Emission
Lines
As can be seen in Table 2, the near-IR emission lines in
our OSIRIS integrated spectra exhibit the same velocity
offset (within the errors) as the optical emission lines in
the SDSS spectra. However, in all the galaxies that host
outflows, the integrated spectral profiles of the emission
lines are different. In these three galaxies, the Paα emis-
sion line ([Fe II] in J1346+5228) is asymmetric with blue
wings, indicative of disturbed kinematics (Section 3.2.1).
In contrast, the optical Balmer lines and [O III] λ5007 ex-
hibit symmetric profiles (Comerford & Greene 2014). As
an example, we show in Figure 12 the integrated OSIRIS
spectrum of J1055 + 1520 in a 3′′ circular aperture and
its optical SDSS spectrum.
To quantify these asymmetries, we used the weighted
skewness (S) as described in Comerford & Greene (2014).
S is a popular statistic, defined as the third moment of
a distribution function, which describes its asymmetry
(see also Kurk et al. 2004 and Kashikawa et al. 2006).
We used the statistical skewness of a line’s continuum-
subtracted flux, over the wavelength range where the
continuum-subtracted flux values are greater than 10%
of the lines peak continuum-subtracted flux value. Fol-
lowing Comerford & Greene (2014), nearly symmetric
emission lines have −0.5 < S < 0.5. We find that
J1018 + 2941, J1055 + 1520 and J1346 + 5228 have S
values of −0.52, −0.55 and −0.61, respectively. The
minus sign indicates a blueshifted asymmetry, and the
typical uncertainty in S is ±0.06. The optical emis-
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Fig. 9.— Same as Figure 8 but for J1055 + 1520.
Fig. 10.— Maps showing the data and the best-fit kinematic model used to reproduce the [Fe II] kinematics in J1346 + 5228. The maps
are centered at the position of the peak of J−band continuum, and the scales are in km s−1. Top Left: [Fe II] velocity field used for the
modeling (same as the one shown in Figure 5). Top Middle: Best-fit kinematic model of a biconical outflow with flux contours. Top Right:
Residuals (data-model) to the fit. Bottom Left: Bicone projection in the plane of the sky. Bottom Right: Geometric model of the NLR
and the inner galactic disk.
sion lines in the SDSS spectra of these three galaxies
have S values between 0 and −0.5 (Comerford & Greene
2014). J1117 + 6140, the only galaxy without outflows,
has S = 0.37, and therefore the redshifted asymmetry is
not significant, consistent with its SDSS spectrum.
There are two possible explanations for this phe-
nomenon. It might be that the near-IR recombination
lines are more prone to be formed in regions where shocks
dominate (inflows/outflows) due to the low energies in-
volved in moving electrons from lower to higher energy
states in the Paschen and Bracket series, while the opti-
cal recombination lines require a large contribution from
both AGN and stellar photoionization. The second ex-
planation involves obscuration by dust and molecular
gas. If part of the outflowing gas is obscured by dust
lanes, or if the outflow is optically thick (e.g., Pounds
et al. 2003), then it would be difficult to detect the
faint blue/red wings in the optical emission lines. The
effects of obscuration are much reduced in the near-IR,
and therefore we are able to see the true shapes of the
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Fig. 11.— [O III] λ5007/Hβ vs. [O III] λ4363/[O III] λ5007.
The thick solid line represents pure photoionization models with
ionization parameter U varying between logU = −4 (bottom) and
logU = −1 (top), and a spectral index of the ionizing continuum
α = −1. The dotted, dashed and dotted-dashed lines represent
photoionzation + shock models with shock velocities v = 1000,
300 and 100 km s−1, respectively. The metallicity is solar, and
the density Ne is equal to 100 cm−3. The data trends and disper-
sions are compatible with photoionization plus shock models. Pure
photoionization models are clearly excluded (models adapted from
Moy & Rocca-Volmerange 2002).
spectral profiles.
5. CONCLUSIONS
OSIRIS near-IR AO-assisted integral-field spec-
troscopy has been used in this work to probe the
morphology and kinematics of the ionized gas in four
velocity-offset AGNs. Thanks to our high S/N integral-
field data, we were able to extract the 2D distribution
and kinematics of Paα (in three objects) and [Fe II] (in
one object) in the central kpc of the sample galaxies.
Our main results and conclusions can be summarized as
follows:
• In all cases, the integrated OSIRIS spectra in 3′′
apertures reproduce the velocity offsets observed
in the optical SDSS spectra.
• In all of the velocity-offset AGNs, the peak of ion-
ized gas emission is not spatially coincident with
the center of the galaxy as traced by the peak of
near-IR continuum emission (offset by 0.1 − 0.7
kpc). We find that the SDSS velocity offset origi-
nates at the location of this peak of emission, and
the value of the offset can be directly measured in
the velocity maps.
• The spectral offset of the emission lines in the SDSS
spectra of J1018 + 2941, J1055 + 1520 and J1346 +
5228 is caused by AGN-driven outflows.
• In J1117 + 6140, a counterrotating nuclear disk is
observed that contains the peak of Paα emission
0.2′′ from the center of the galaxy. The most plau-
sible explanation for the origin of this spatially and
kinematically offset peak is that it is a region of
enhanced Paα emission located at the intersection
zone between the nuclear disk and the bar of the
galaxy.
• In the galaxies with outflows the mass outflow
rates are in the range 70 − 630 M yr−1 and the
estimated kinetic powers between 2 − 19 × 1042
erg s−1. These are sufficient to create a power-
ful feedback effect as predicted by theoretical mod-
els (> 0.005Lbol, Hopkins & Elvis 2010). How-
ever, no significant differences were found between
the outflows produced in velocity-offset AGNs and
those present in active galaxies having a near-to-
zero-velocity offset in SDSS.
• The emission-line ratios of the four velocity-offset
AGNs in our sample can be reproduced only with
a mixture of shocks and AGN photoionization.
Shocks provide a natural explanation for the origin
of the spatially offset peaks of ionized gas emission
observed in these galaxies.
Our observations demonstrate the importance of near-
IR integral-field spectroscopy for the study of the gas
kinematics in the central regions of galaxies, and indicate
that one should be careful when selecting offset AGN
candidates from SDSS spectra alone. The asymmetric
near-IR profiles of the four velocity-offset AGNs stud-
ied in this work do not fulfill the criteria established by
Comerford & Greene (2014) for being offset AGN can-
didates, but since their selection was done in the optical
(where the emission lines are symmetric), they appeared
as such. A near-IR spectroscopic survey similar to SDSS
would be a great asset for research programs like this.
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